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(57) ABSTRACT 

A method including forming a first test structure and a second 
test structure in electrical contact with an inner buried plate 
and an outer buried plate, respectively, where the first and 
second test structures each comprise a deep trench filled with 
a conductive material, and measuring the Voltage of the inner 
buried plate and the outer buried plate immediately after the 
formation of a deep trench isolation structure, where the inner 
buried plate and the outer buried plate are positioned on 
opposite sides of the deep trench isolation structure. 
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VOLTAGE CONTRAST INSPECTION OF 
DEEP TRENCH ISOLATION 

BACKGROUND 

0001 1. Field of the Invention 
0002 The present invention generally relates to integrated 
circuits, and more particularly to testing the integrity of deep 
trench isolation structures. 
0003 2. Background of Invention 
0004 Embedded dynamic random access memory 
(eIDRAM) is a critical part of modern semiconductor tech 
nologies. This memory may require about one third the space 
of static random access memory (SRAM) because each bit 
only requires one transistor that accesses a capacitor. There 
exist multiple techniques by which to implement a capacitor 
in an el DRAM device. One way to build the capacitor may be 
to etch a deep trench in a semiconductor-on-insulator (SOI) 
substrate and then fill the deep trench with a node dielectric 
and an inner electrode. The structure may be known as a deep 
trench capacitor. In Such a structure, a layer of conductive 
material below the buried dielectric layer of the SOI substrate 
forms a buried plate of the capacitor. The buried plate may 
also be referred to as a cathode, and may generally be doped 
silicon. The inner electrode formed within the deep trench is 
the top plate or anode of the capacitor. The buried plate and 
the top plate may generally be separated by the node dielec 
tric. 
0005. The buried plate, or cathode, for all deep trench 
capacitors formed in a single SOI substrate may be electri 
cally connected unless otherwise intentionally isolated. One 
method by which to isolate the buried plate of one deep trench 
capacitor from the buried plate of another deep trench capaci 
tor may be to create an isolation device extending from a top 
surface of the SOI substrate to below the buried plate. In some 
cases the isolation device may completely surround one or 
more deep trench capacitors separating them from the rest of 
the chip. Such an isolation device may commonly be referred 
to as a deep trench moat (DTMoat). 
0006. It may be advantageous to test the integrity of the 
isolation device to ensure the reliability of the semiconduc 
tors devices relying on its electrical isolation properties. 

SUMMARY 

0007 According to one embodiment of the present inven 
tion, a method is provided. The method may include forming 
a first test structure and a second test structure in electrical 
contact with an inner buried plate and an outer buried plate, 
respectively, where the first and second test structures each 
include a deep trench filled with a conductive material, and 
measuring the Voltage of the inner buried plate and the outer 
buried plate immediately after the formation of a deep trench 
isolation structure, where the inner buried plate and the outer 
buried plate are positioned on opposite sides of the deep 
trench isolation structure. 
0008 According another exemplary embodiment, a 
method is provided. The method may include providing a 
semiconductor-on-insulator (SOI) substrate having a buried 
dielectric layer located above a buried plate, forming a deep 
trench isolation structure in the SOI substrate having a first 
node dielectric and a first inner electrode, where the deep 
trench isolation structure electrically isolates an inner buried 
plate located on one side of the deep trench isolation structure 
from an outer buried plate located on an opposite side of the 
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deep trench isolation structure, and forming a deep trench 
capacitor in the SOI substrate having a second node dielectric 
and a second inner electrode. The method may further include 
forming a first test structure and a second test structure in the 
SOI substrate and on opposite sides of the deep trench isola 
tion structure, the first and second test structures having a 
third node dielectric and a third inner electrode, where the 
first test structure and the second test structure are similar in 
size and shape, and have a different width than the deep trench 
capacitor, etching the third node dielectric and the third inner 
electrode of the first and second test structures to a first depth 
below the buried dielectric layer, etching the second node 
dielectric and the second inner electrode of the deep trench 
capacitor to a second depth above the buried plate and within 
the buried dielectric layer, and etching the first node dielectric 
and the first inner electrode to a third depth above the buried 
plate and within the buried dielectric layer, where the first 
depth is deeper than the second depth. 
0009. According another exemplary embodiment, a 
method is provided. The method may include a semiconduc 
tor-on-insulator (SOI) substrate having a buried dielectric 
layer located above a buried plate, a deep trench isolation 
structure extending into the SOI substrate having a first node 
dielectric and a first inner electrode, and being Substantially 
filled with a first conductive material isolated from the buried 
plate, where the deep trench isolation structure electrically 
isolates an inner buried plate located on one side of the deep 
trench isolation structure from an outer buried plate located 
on an opposite side of the deep trench isolation trench struc 
ture, a deep trench capacitor extending into the SOI substrate 
having a second node dielectric and a second inner electrode, 
and being Substantially filled with a second conductive mate 
rial isolated from the buried plate, and a first test structure and 
a second test structure extending into the SOI substrate hav 
ing a third node dielectric and a third inner electrode, and 
being substantially filled with a third conductive material, 
where the third conductive material of the first test structure is 
in electrical contact with the inner buried plate and the first 
conductive material of the second test structure is in electrical 
contact with the outer buried plate, and where the first test 
structure and the second test structure are similar in size and 
shape, and have a different width than the deep trench capaci 
tOr. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0010. The following detailed description, given by way of 
example and not intended to limit the invention solely thereto, 
will best be appreciated in conjunction with the accompany 
ing drawings, in which: 
0011 FIG. 1 depicts a top view of a semiconductor struc 
ture according to an exemplary embodiment. 
0012 FIGS. 2-9 illustrate the steps of a method of forming 
the semiconductor structure according to an exemplary 
embodiment. 
0013 FIG.2 depicts the formation of multiple deep trench 
structures according to an exemplary embodiment. 
0014 FIG.3 depicts the deposition of a node dielectric and 
a metallic liner according to an exemplary embodiment. 
0015 FIG. 4 depicts the deposition of an inner electrode 
according to an exemplary embodiment. 
0016 FIG. 5 depicts the removal of a portion of the node 
dielectric, metallic liner, and the inner electrode according to 
an exemplary embodiment. 
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0017 FIG. 6 depicts the removal of another portion of the 
node dielectric, the metallic liner, and the inner electrode 
according to an exemplary embodiment. 
0018 FIG. 7 depicts the deposition of a conductive mate 

rial according to an exemplary embodiment. 
0019 FIG. 8 depicts a section view of FIG. 7 according to 
an exemplary embodiment. 
0020 FIG.9 depicts a section view of FIG. 7 according to 
an exemplary embodiment. 
0021. The drawings are not necessarily to scale. The draw 
ings are merely schematic representations, not intended to 
portray specific parameters of the invention. The drawings are 
intended to depict only typical embodiments of the invention. 
In the drawings, like numbering represents like elements. 

DETAILED DESCRIPTION 

0022 Detailed embodiments of the claimed structures and 
methods are disclosed herein; however, it can be understood 
that the disclosed embodiments are merely illustrative of the 
claimed structures and methods that may be embodied in 
various forms. This invention may, however, be embodied in 
many different forms and should not be construed as limited 
to the exemplary embodiments set forth herein. Rather, these 
exemplary embodiments are provided so that this disclosure 
will be thorough and complete and will fully convey the scope 
of this invention to those skilled in the art. In the description, 
details of well-known features and techniques may be omitted 
to avoid unnecessarily obscuring the presented embodiments. 
0023 The invention relates to voltage contrast (VC) 
inspection, and more particularly, VC inspection used to test 
the functionality and integrity of a deep trench isolation struc 
ture. In a preferred embodiment, the VC inspection may be 
carried out on a structure in which Voltage readings based on 
a Voltage contrast signal from opposite sides of the deep 
trench isolation structure may be compared and contrasted. 
Comparison of these voltage measurements may yield a pre 
diction as to whether the deep trench isolation structure is 
functioning properly, and preventing the flow of electrical 
current. Typically, VC inspection cannot be initiated until a 
device contact layer or a first metallization layer are formed. 
These layers were the only method by which to make electri 
cal contact to the buried plate in order to conduct VC inspec 
tion. The following disclosure will discuss a structure and 
method by which to conduct VC inspection shortly after the 
isolation structure is formed. Testing the isolation structure 
earlier in the fabrication process may prevent unnecessary 
fabrication time and cost in the event the isolation structure 
fails the test. The detailed description below will first review 
the formation of the structure followed by a detailed descrip 
tion of the VC inspection procedure. 
0024. Referring now to FIG. 1, a structure 100 is shown 
having a first plurality of test structures 104a, a second plu 
rality of test structures 104b, a plurality of deep trench capaci 
tors 106, a deep trench isolation structure 108 (DT isolation 
structure 108), and a ground structure 110 formed in a sub 
strate 102. The first and second test structures 104a, 104b may 
be integrated into typical fabrication and process flows in 
order to conduct VC inspection testing. The VC inspection 
testing may be conducted to determine the integrity of the DT 
isolation structure 108. The DT isolation structure 108 may 
be designed to electrically isolate semiconductor devices 
formed on opposite sides of the DT isolation structure 108. In 
one embodiment, as depicted in the figure, the DT isolation 
structure 108 may include a deep trench isolation moat sur 
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rounding one or more semiconductor devices. In the present 
embodiment, the deep trench isolation moat may electrically 
isolate semiconductor devices inside the moat from semicon 
ductor devices outside the moat. 

0025. The first and second test structures 104a, 104b may 
be constructed solely for the purpose of conducting the VC 
inspection testing. The deep trench capacitors 106 may be 
formed as components in a semiconductor device, for 
example, a deep trench capacitor used in an embedded 
DRAM memory cell. The first and second test structures 
104a, 104b, the deep trench capacitors 106, and the DT iso 
lation structure 108 may preferably be simultaneously 
formed during typical process flows without the need for 
additional steps. However, the first and second test structures 
104a, 104b, the deep trench capacitors 106, and the DT iso 
lation structure 108 may alternatively be formed by indi 
vidual processes. The VC inspection testing sequence will be 
described in greater detail below, after a detailed description 
of forming the structure 100 is presented. It should be noted 
that only two test structures may be needed to conduct the VC 
inspection testing, however multiple test structures, for 
example the first and second test structures 104a, 104b, may 
be fabricated on both sides of the DT isolation structure 108 
for redundancy purposes. Furthermore, the first and second 
test structures 104a, 104b, the deep trench capacitors 106, and 
the DT isolation structure 108 may be fabricated in any suit 
able configuration and location relative to one another, so 
long as, at least one test structure, for example the first test 
structure 104a, may be positioned on one side of the DT 
isolation structure 108 and at least one test structure, for 
example the second test structure 104b, may be positioned on 
an opposite side of the DT isolation structure 108. 
0026 Referring now to FIGS. 2-7, exemplary process 
steps of forming the structure 100 in accordance with one 
embodiment of the present invention are shown, and will now 
be described in greater detail below. It should be noted that 
FIGS. 2-7 all represent a cross section view, section A-A, of 
the structure 100 depicted in FIG. 1. It should also be noted 
that while this description may refer to Some components of 
the structure 100 in the singular tense, more than one com 
ponent may be depicted throughout the figures and like com 
ponents are labeled with like numerals. For example, only 
two test structures 104a, 104b and one deep trench capacitor 
106 are depicted in the following figures for illustrative pur 
poses only. The process steps described below with reference 
to FIGS. 2-7 may apply to the entire structure 100 as depicted 
in FIG. 1. 

0027. Referring now to FIG. 2, a cross section view, sec 
tion A-A, of the structure 100 is shown at an intermediate step 
during the process flow. At this step of fabrication, and as 
described above, the structure 100 may include the first plu 
rality of test structures 104a, the second plurality of test 
structures 104b, the plurality of deep trench capacitor 106, 
and the DT isolation structure 108; however, FIG. 2 depicts a 
cross section view including only two test structures 104a. 
104b, a single deep trench capacitor 106, and the DT isolation 
Structure 108. 

(0028 Generally, the substrate 102 of the structure 100 
may be a semiconductor-on-insulator (SOI) substrate. The 
SOI substrate employed in the present invention may include 
a base substrate 114, a buried plate 116 formed on top of the 
base substrate 114, a buried dielectric layer 118 formed on top 
of the buried plate 116, and a SOI layer 120 formed on top of 
the burieddielectric layer 118. The buried dielectric layer 118 
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may isolate the SOI layer 120 from the buried plate 116. Also, 
a pad layer 112 may be formed on top of the SOI layer 120. 
0029. The base substrate 114 may be made from any of 
several known semiconductor materials such as, for example, 
silicon, germanium, silicon-germanium alloy, silicon car 
bide, silicon-germanium carbide alloy, and compound (e.g. 
III-V and II-VI) semiconductor materials. Non-limiting 
examples of compound semiconductor materials include gal 
lium arsenide, indium arsenide, and indium phosphide. Typi 
cally the base substrate 114 may be about, but is not limited to, 
several hundred microns thick. For example, the base sub 
strate 114 may include a thickness ranging from 0.5 mm to 
about 1.5 mm. 
0030 The buried plate 116 may be made from any suitable 
conductive material, for example, a doped semiconductor 
material. In one embodiment, the buried plate 116 may 
include any material listed above for the base substrate 114 
that which may be doped with either p-type dopants or n-type 
dopants to induce conductive properties. In one embodiment, 
the buried plate 116 may have a vertical thickness ranging 
from about 5 nm to about 100 nm, and more typically from 
about 10 nm to about 50 nm, although lesser and greater 
thicknesses may be explicitly contemplated. In the present 
embodiment, the buried plate 116 may include an inner buried 
plate 116a and an outer buried plate 116b. The inner buried 
plate 116a may include a portion of the buried plate 116 
located within the DT isolation structure 108, and the outer 
buried plate 116b may include a portion of the buried plate 
116 located outside the DT isolation structure 108. 

0031. The buried dielectric layer 118 may beformed from 
any of several known dielectric materials. Non-limiting 
examples include, for example, oxides, nitrides and oxyni 
trides of silicon. Oxides, nitrides and oxynitrides of other 
elements are also envisioned. In addition, the burieddielectric 
layer 118 may include crystalline or non-crystalline dielectric 
material. Moreover, the buried dielectric layer 118 may be 
formed using any of several known methods. Non-limiting 
examples include ion implantation methods, thermal or 
plasma oxidation or nitridation methods, chemical vapor 
deposition methods and physical vapor deposition methods. 
In one embodiment, the buried dielectric layer 118 may be 
about 150 nm thick. Alternatively, the buried dielectric layer 
118 may include a thickness ranging from about 10 nm to 
about 500 nm. 

0032. The SOI layer 120 may include any of the several 
semiconductor materials included in the base substrate 114. 
In general, the base substrate 114 and the SOI layer 120 may 
include either identical or different semiconducting materials 
with respect to chemical composition, dopant concentration 
and crystallographic orientation. In one particular embodi 
ment of the present invention, the base substrate 114 and the 
SOI layer 120 may include semiconducting materials that 
include at least different crystallographic orientations. Typi 
cally the base substrate 114 or the SOI layer 120 may include 
a {110} crystallographic orientation and the other of the base 
substrate 114 or the SOI layer 120 may include a {100 
crystallographic orientation. Typically, the SOI layer 120 
may includea thickness ranging from about 5 nm to about 100 
nm. Methods for forming the SOI layer 120 are well known in 
the art. Non-limiting examples include SIMOX (Separation 
by Implantation of Oxygen), wafer bonding, and ELTRANR) 
(Epitaxial Layer TRANsfer). 
0033. The pad layer 112 may include an insulating mate 

rial such as, for example, silicon nitride. The pad layer 112 
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may be formed using conventional deposition methods, for 
example, low-pressure chemical vapor deposition (LPCVD). 
The pad layer 112 may have a thickness ranging from about 
10 nm to about 500 nm. In one particular embodiment, the pad 
layer 112 may be about 100 nm thick. Optionally, a thin (2 nm 
to 10 nm, preferably 5 nm) thermal oxide layer (not shown) 
may be formed on the SOI layer 120 prior to forming the pad 
layer 112. Typically, the pad layer 112 may be used to protect 
the Substrate 102 during Subsequent processing operations. 
0034. With continued reference to FIG. 2, a location may 
be identified and a mask layer (not shown) of a suitable 
masking material may be deposited on the pad layer 112 and 
patterned using a conventional photolithographic techniques. 
The mask layer may include any suitable masking material 
Such as photoresist or hardmask, for example, silicon dioxide. 
A first opening 103a and a second opening 103b may be 
formed by etching into the substrate 102 as illustrated by the 
figure. The first and second openings 103a, 103b can be 
formed using, for example, an anisotropic dry etch technique, 
Such as reactive ion etching (RIE). The mask layer may be 
removed after the first and second openings 103a, 103b is 
formed, or alternatively, in a later process. A similar etching 
technique as described above may subsequently be used to 
form a third opening 105 and a fourth opening 107. It should 
be noted that the first and second openings 103a, 103b may be 
further processed to subsequently form the test structures 
104a, 104b, the third opening 105 may be further processed to 
subsequently form the deep trench capacitor 106, and the 
fourth opening 107 may be further processed to Subsequently 
form the DT isolation structure 108. 

0035. Each of the openings 103a, 103b, 105, 107 may 
have a different size, shape, and depth, while noting that the 
first and second openings 103a, 103b being substantially 
similar. Generally, the first and second openings 103a, 103b 
and the third opening 105 may have similar depths, and may 
extend from a top surface of the SOI layer 120 down to a 
predetermined location below the buried dielectric layer 118 
and above the base substrate 114. In one embodiment, the first 
and second openings 103a, 103b and the third opening 105 
may have a depth ranging from about 200 nm to about 800 
nm, with a depth of 500 nm being more typical. It should be 
noted that the preferred recess depth of the first and second 
openings 103a, 103b depends on the thickness of the buried 
plate 116, the buried dielectric layer 118, and the SOI layer 
120. The first and second openings 103a, 103b and the third 
opening 105 may also be similar in shape, but have different 
widths. The first and second openings 103a, 103b may have a 
smaller width than the third opening 105. In one embodiment, 
the third opening 105 may have a width ranging from about 40 
nm to about 120 nm, with a width of 80 nm being most 
typical. The width of the first and second openings 103a, 103b 
may be adjusted based on the desired result of future process 
ing techniques as described in greater detail below with ref 
erence to FIG.5 while generally maintaining a width less than 
the width of the third opening 105. The fourth opening 107 
may generally be deeper and wider than either the first and 
second openings 103a, 103b or the third opening 105. The 
fourth opening 107 may extend from the top surface of the 
SOI layer 120 down to a predetermined location within the 
base substrate 114 below the buried plate 116. The fourth 
opening 107 may extend into the base substrate 114 to effec 
tively isolate semiconductor devices Subsequently formed on 
opposite sides of the fourth opening 107, or opposite sides of 
the DT isolation structure 108. In one embodiment, the fourth 



US 2014/0145191 A1 

opening 107 may have a width ranging from about 200 nm to 
about 300 nm, with a width of 250 nm being most typical. 
0036. Now referring to FIG.3, a node dielectric 122 and a 
metallic liner 124, may be conformally deposited within the 
openings 103a, 103b, 105,107. The node dielectric 122 and 
the metallic liner 124 may or may not de required in all the 
openings, however, the node dielectric 122 and the metallic 
liner 124 may be deposited in all the openings 103a, 103b, 
105, 107 to minimize process steps and maintain current 
process flows. 
0037. The node dielectric 122 may include, for example, 
oxides, nitrides, oxynitrides and/or high-k materials, and can 
beformed within the openings by any suitable process Such as 
thermal oxidation, thermal nitridation, atomic layer deposi 
tion (ALD), chemical vapor deposition (CVD). In one 
embodiment, the node dielectric 122 may comprise a high-k 
material having a dielectric constant greater than the dielec 
tric constant of silicon nitride, which is about 7.5. Exemplary 
high-k materials may include HfC), ZrO, LaO. Al-O. 
TiO, SrTiO, LaAIO, Y.O., Hfo, N. ZrO.N., La.O.N., 
Al-O, N, TiO, N, SrTiO, N, LaAIO.N. Y.O.N., a silicate 
thereof, and an alloy thereof. Each value of X may indepen 
dently range from about 0.5 to about 3 and each value of y 
may independently range from 0 to about 2. The node dielec 
tric 122 may have a thickness ranging from about 8 nm to 
about 12 nm, although a thickness of the node dielectric 122 
less than 8 nm or greater than 12 nm may be conceived. 
Preferably, the node dielectric 122 may have a thickness of 
about 10 nm. 

0038. The metallic liner 124 may then be deposited on the 
surface of the node dielectric 122. The metallic liner 124 may 
include any Suitable conductive material, including but not 
limited to, doped polycrystalline or amorphous silicon, ger 
manium, silicon germanium, a metal (e.g., tungsten, titanium, 
tantalum, ruthenium, Zirconium), a conducting metallic com 
pound material (e.g., tantalum nitride, titanium nitride, tung 
Sten silicide, tungsten nitride, titanium nitride, tantalum 
nitride), carbon nanotube, conductive carbon, or any Suitable 
combination of these materials. The metallic liner 124 can be 
deposited by any suitable method, including but not limited 
to, atomic layer deposition (ALD), chemical vapor deposition 
(CVD), low-pressure chemical vapor deposition (LPCVD). 
ultrahigh vacuum chemical vapor deposition (UHVCVD), 
metalorganic chemical vapor deposition (MOCVD), physical 
vapor deposition, Sputtering, plating, evaporation, spin-on 
coating, ion beam deposition, electronbeam deposition, laser 
assisted deposition, and chemical solution deposition. In one 
particular embodiment, the metallic liner 124 may include 
doped polysilicon deposited by LPCVD. The metallic liner 
124 may have a thickness ranging from about 8 nm to about 
13 nm, although a thickness of the metallic liner 124 less than 
8 nm or greater than 13 nm may be conceived. Preferably, the 
metallic liner 124 may have a thickness of about 10.5 nm. 
0039 Referring now to FIG.4, an inner electrode 126 may 
be formed by depositing any suitable conductive material on 
the inner walls of the metallic liner 124. The inner electrode 
126 may be a doped semiconductor material or a metal. If the 
inner electrode 126 is a doped semiconductor material, the 
doped semiconductor material may include any material 
listed above for the base substrate 114. The dopants may be a 
p-type dopant oran n-type dopant. The doped semiconductor 
material may be deposited by chemical vapor deposition Such 
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as low pressure chemical vapor deposition (LPCVD). In one 
embodiment, the inner electrode 126 may include amorphous 
silicon deposited by LPCVD 
0040. If the inner electrode 126 is an elemental metal, 
exemplary elemental metals may include Ta, Ti, Co, and W. 
Alternatively, the inner electrode 126 may be a conductive 
metallic alloy, and exemplary conductive metallic alloys may 
include a mixture of elemental metals, a conductive metallic 
nitride such as TiN, ZrN, HfN, VN, NbN, TaN, WN, TiAIN, 
TaCN, and an alloy thereof. The inner electrode 126 may be 
formed by known Suitable deposition techniques, for 
example, chemical vapor deposition (CVD), physical vapor 
deposition (PVD), or atomic layer deposition (ALD). The 
node dielectric 122 may serve as an insulating barrier to 
prevent a short circuit between the buried plate 116 and the 
metallic liner 124 or the inner electrode 126. In one embodi 
ment, the metallic liner 124 may be omitted, and the inner 
electrode 126 may be deposited directly on top of the node 
dielectric 122. 
0041. In one embodiment, the openings 103a, 103b, 105, 
107 (shown in FIG. 2) may each be fabricated individually 
and each having different fill compositions. The first and 
second openings 103a, 103b may be substantially filled with 
any suitable conductive material. The third opening 105 may 
be filled with a node dielectric, a metallic liner, and an inner 
electrode as described previously above. The fourth opening 
107 may be substantially filled with any known insulative 
material, for example a dielectric. 
0042. With continued reference to FIG. 4, the test struc 
tures 104a, 104b, the deep trench capacitor 106, and the DT 
isolation structure 108 may be depicted at an intermediate 
step of fabrication. It should be noted that there exists a direct 
correlation between the size, shape, and depth of the test 
structures 104a, 104b, the deep trench capacitor 106, and the 
DT isolation structure 108, and the first and second openings 
103a, 103b, the third opening 105, and the fourth opening 
107, respectively. Thus, the test structures 104a, 104b may 
generally be smaller than the deep trench capacitor 106, and 
the DT isolation structure 108 may generally be larger than 
both the test structures 104a, 104b and the deep trench capaci 
tor 106. 

0043 Referring now to FIG. 5, a first recess etching tech 
nique (“the first recess etch') may be used to recess the node 
dielectric 122, the metallic liner 124, and the inner electrode 
126. Any Suitable chemical etching technique can be used for 
the first recess etch. In one embodiment, for example, a reac 
tive ion etch (RIE) technique using C, Fl, chemistries may be 
used to recess the node dielectric 122, the metallic liner 124, 
and the inner electrode 126. The first recess etch may be 
selective to the pad layer 112 and etch or remove only the 
node dielectric 122, the metallic liner 124, and the inner 
electrode 126. The first recess etch may result in new open 
ings 128a, 128b. 130, 132. It should be noted there may exists 
a direct relationship between the openings 103a, 103b, 105, 
107 and the openings 128a, 128b. 130, 132, respectively. It 
should also be noted that, like the first and second openings 
103a, 103b, the openings 128a, 128b may be similar in size. 
0044) The particular etching technique used for the first 
recess etch may be calibrated to produce an inverse RIE lag 
affect, in which there exists a correlation between the feature 
width and the recess depth. Inverse RIE lag, as is known in the 
art, produces a faster etch rate in narrower openings (higher 
aspect ratios) than in openings having larger widths (lower 
aspect ratios). Inverse RIE lag may be induced under any 
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conditions characterized by high polymerization and high 
wafer self-bias Voltages. In one embodiment, conditions char 
acterized by high polymerization, may include general chem 
istries such as CxHyFZ (Carbon-Hydrogen-Fluorine) with 
high oxide-to-nitride selectivity (where the blanket etch rate 
ratios is greater than approximately 20:1). In another embodi 
ment, conditions characterized by high polymerization, may 
include general chemistries Such as O2 (oxygen), a dilutant, 
and one more of C4F6, C5F8, or C4F8. In this case, the 
dilutant may be, for example, Argon (Ar). High wafer self 
bias Voltages may, for example, be Voltages greater than 
approximately 500 volts. While specific conditions for facili 
tating inverse RIE lag are described herein, those conditions 
are merely illustrative. Inverse RIE lag may be induced under 
other conditions not specifically described herein. 
0045. In the present embodiment, for example, the open 
ings 128a, 128b may have a larger recess depth than the 
opening 130, because the openings 128a, 128b may have a 
smaller width than the opening 130. The openings 128a, 128b 
may have a recess depth (a) and the opening 130 may have a 
recess depth (b), and therefore the recess depth (a), of the 
openings 128a, 128b, may be larger than the recess depth (b). 
of the opening 130. Similarly, for example, both the openings 
128a, 128b and the opening 130 may each have a recess depth 
considerably deeper than the opening 132, because the open 
ing 132 may be considerably larger than both the openings 
128a, 128b and the opening 130. The opening 132 may have 
a recess depth (c), and therefore the recess depth (a), of the 
openings 128a, 128b, and the recess depth (b), of the opening 
130, may each be larger than the recess depth (c), of the 
opening 132. Ultimately, the openings 128a, 128b. 130, 132 
may each have a different recess depth due to their different 
widths, while noting that the openings 128a, 128b may be 
Substantially similar. 
0046. With continued reference to FIG. 5, as described 
above, different size features may each have a different recess 
depth as a result of the first recess etch. As described above, 
the openings 128a, 128b. 130, 132 may correspond to the test 
structures 104a, 104b, the deep trench capacitor 106, and the 
DT isolation structure 108, respectively. In one embodiment, 
the opening 130 may be recessed to a predetermined depth 
within the buried dialectic layer 118 to ensure electrical iso 
lation between the metallic liner 124, and the inner buried 
plate 116a. The electrical isolation may be achieve by ensur 
ing the node dielectric 122 remains between the metallic liner 
124, and the inner buried plate 116a. Risk of an electrical 
short may be present should the opening 130 be recessed to a 
level below the buried dielectric layer 118. Such electrical 
isolation may be preferred in order to form the corresponding 
feature to the opening 130, the deep trench capacitor 106. 
0047. In one embodiment, the openings 128a, 128b may 
preferably be recessed to a predetermined depth below the 
buried dialectic layer 118 to expose some portion of the inner 
and outer buried plates 116a, 116b. A preferred electrical 
connection may be made to the exposed portion of the inner 
and outer buried plates 116a, 116b as described in greater 
detail below with reference to FIG. 7. As described above, the 
preferred recess depth below the buried dielectric layer 118 
may beachieved by carefully adjusting the width of the open 
1ng. 

0048. In one embodiment, similar results may beachieved 
by applying a known RIE lag technique to a similar structure 
where the test structures 104a, 104b may be larger in width 
than the deep trench capacitor 106. In Such an instance and 
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under the known principles of RIE lag, the larger features, for 
example the test structures 104a, 104b, may etch faster than 
the Smaller structures, for example, the deep trench capacitor 
106. The DT isolation structure 108 may still be considerably 
larger than either the test structures 104a, 104b or the deep 
trench capacitor 106. 
0049 Referring now to FIG. 6, a second recess etching 
technique (“the second recess etch') may be used to recess 
further the node dielectric 122, the metallic liner 124, and the 
inner electrode 126. Known etching techniques may be used 
for the second recess etch, for example a RIE technique. The 
particular etch rate of the technique used may be fine tuned to 
achieve desired results. For example, the second recess etch 
may preferably recess the node dielectric 122, the metallic 
liner 124, and the inner electrode 126 within the opening 132 
to a location within the buried dielectric layer 118. Like the 
first recess etch, the second recess etch may be selective to the 
pad layer 112 and etch or remove only the node dielectric 122, 
the metallic liner 124, and the inner electrode 126. Also, the 
second etch may primarily recess the node dielectric 122, the 
metallic liner 124, and the conductive material 126 within the 
opening 132, while recessing little if any of the node dielec 
tric 122, the metallic liner 124, and the conductive material 
126 within the openings 128a, 128b. 130. In one embodi 
ment, a RIE technique using a combination of C, Fl, and Ar 
chemistries may be used to further recess the node dielectric 
122, the metallic liner 124, and the inner electrode 126. Typi 
cal known principles of RIE lag may be applied to achieve the 
desired recess depths. 
0050 Referring now to FIG. 7, a conductive fill material 
134 may be deposited in, and Substantially fill, the openings 
128a, 128b. 130, 132. The conductive fill 134 may include 
any suitable conductive material, for example, amorphous 
silicon. It may be an advantage of the present embodiment 
that electrical contact is made with the inner and outer buried 
plates 116a, 116b via the conductive fill 134. The desired 
electrical connection may beformed within the test structures 
104a, 104b where the conductive material 134 comes indirect 
contact with the inner and outer buried plates 116a, 116b. See 
also FIG.9. Also, as mentioned above, it may be an advantage 
of the present embodiment that electrical isolation be main 
tained between the inner buried plate 116a, and the metallic 
liner 124 of the deep trench capacitor 106. See FIG.8. This 
electrical isolation may be provided by the dielectric liner 
122. The electrical connection to the inner and outer buried 
plates 116a, 116b, made at the test structures 104a, 104b, may 
be used to measure the voltage of the inner and outer buried 
plates 116a, 116b shortly after the formation of the DT iso 
lation structure 108. More specifically, the voltage of the 
inner buried plate 116a may be compared with the voltage of 
the outer buried plate 116b to assess and ensure the function 
ality and integrity of the DT isolation structure 108. This 
testing procedure may be described in greater detail below. 
0051. With continued reference to FIG. 7, the structure 
100 is depicted at an intermediate step of fabrication. At this 
step, the structure 100 may include, as shown in FIG. 6, the 
test structures 104a, 104b, the deep trench capacitor 106, and 
the DT isolation structure 108. The test structures 104a, 104b 
may include the node dialectic 122, the metallic liner 124, and 
the inner electrode 126 recessed to a level below the buried 
dielectric layer 118. The deep trench capacitor 106 may 
include the node dialectic 122, the metallic liner 124, and the 
inner electrode 126 recessed to a level within the buried 
dielectric layer 118. The DT isolation structure 108 may 
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include the node dialectic 122, the metallic liner 124, and the 
inner electrode 126 recessed to a level within the buried 
dielectric layer 118. The test structures 104a, 104b, the deep 
trench capacitor 106, and the DT isolation structure 108 all 
have the conductive fill 134 which may substantially fill each 
element. In the case of the test structures 104a, 104b the 
conductive fill 134 may be in electrical contact with the buried 
plates 116a, 116b, respectively. See also FIG.9. In the case of 
the deep trench capacitor 106 and the DT isolation structure 
108 the conductive fill 134 may remain electrically isolated 
from the buried plates 116a, 116b. See also FIG.8. 
0052 Immediately following the formation of the test 
structures 104a, 104b, the deep trench capacitor 106, and the 
DT isolation structure 108, as depicted in FIG. 7, a VC inspec 
tion testing sequence (“the testing sequence') may be used to 
test the functionality and integrity of the DT isolation struc 
ture 108. Typically, a contact level and a metallization level 
are required to measure the Voltage of the inner and outer 
buried plates 116a, 116b in order to test the DT isolation 
structure 108. The time and expense of fabricating these 
additional levels may be for nothing should the DT isolation 
structure 108 fail the testing sequence. The testing sequence 
may be carried out on the structure 100 immediately, or 
shortly, after the formation of the DT isolation structure 108. 
The ability to do so may save fabrication time and costs 
because the additional contact and metallization levels may 
no longer be needed to measure the Voltage of the inner and 
outer buried plates 116a, 116b. A voltage measurement of the 
inner and outer buried plates 116a, 116b may be conducted 
through the test structures 104a, 104b. As described in detail 
above, the conductive material 134 of the test structures 104a, 
104b may be in direct contact with the inner and outer buried 
plates 116a, 116b due to the recess depth of the first recess 
etch, see FIG. 9. Furthermore, it should be noted that the test 
structure 104a may be located within the DT isolation struc 
ture 108 and the test structure 104b may be located outside the 
DT isolation structure 108 in order to obtain voltage measure 
ments of the inner and outer buried plate 116a, 116b. See FIG. 
1 

0053. The testing sequence may include measuring the 
Voltage of the inner buried plate 116a, and measuring the 
voltage of the outer buried plate 116b. The voltage of the inner 
buried plate 116a may differ from the voltage of the outer 
buried plate 116b. In one embodiment, the voltage measure 
ments may differ by about 1-5 volts. In such cases, it may be 
determined that the DT isolation structure 108 is properly 
isolating the inner buried plate 116.a from the outer buried 
plate 116b. In one embodiment, the voltage of the inner 
buried plate 116a may be substantially equal to the voltage of 
the outer buried plate 116b. In such cases, it may be deter 
mined that the DT isolation structure 108 is not properly 
isolating the inner buried plate 116.a from the outer buried 
plate 116b. 
0054 The testing sequence may be conducted using any 
method for VC inspection testing known in the art. In one 
embodiment, for example, an inspection scanning electron 
microscope (SEM) may be used to conduct the VC inspection 
test. In Such instances an electronbeam (e-beam) may be used 
to charge the inner and outer buried plates 116a, 116b, 
through test structures 104a, 104b, and thereby induce volt 
ages. The electron emission of each of the test sites, for 
example, the test structures 104a, 104b, is measured to deter 
mine the relative voltage between the inner buried plate 116a 
and the outer buried plate 116b. If the DT isolation structure 
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108 is functioning properly, the inner buried plate 116a may 
be smaller in area and therefore have a lower capacitance. 
Both the inner and outer buried plates 116a, 116b will charge 
up through the test structures 104a, 104b. The inner plate 
116a, will charge up to a higher voltage than the outer buried 
plate 116b because of the size difference and resulting differ 
ence in capacitance between the inner buried plate 116a and 
the outer buried plate 116b. Therefore, the electron emission 
may be directly related to how positively charged the particu 
lar test structure is. Under positive mode conditions, in which 
the wafer Surface may be positively charged, the greater the 
positive charge of a particular test site the fewer electrons it 
may emit. It should be noted that at least one test structure, for 
example the test structure 104a, may form an electrical con 
tact with the inner buried plate 116a and at least one test 
structure, for example the test structure 104b, may form and 
electrical contact with the outer buried plate 116b. 
0055. If the electron emission measured from the test 
structure 104a is the same as the electron emission measured 
from the test structure 104b, then there may be an indication 
that the DT isolation structure 108 is shorted, and therefore 
not properly functioning as an isolation structure. If the elec 
tron emission measured from the test structure 104a is differ 
ent from the electron emission measured from the test struc 
ture 104b, then there may be an indication that the DT 
isolation structure 108 is effectively isolating the inner buried 
plate 116a from the outer buried plate 116b. Also, the DT 
isolation structure 108 may be connected to the ground struc 
ture 110 (shown in FIG. 1). The ground structure 110 may be 
connected to a capacitor and function as a virtual ground in 
order to eliminate current flow between the inner and outer 
buried plates 116a, 116b. The bottom of the DT isolation 
structure 108 effectively forms an NFET where the inner and 
outer buried plates 116a, 116b may act as the source and 
drain. This simulated transistor structure may be forced off by 
grounding the DT isolation structure 108. A large capacitor 
may be used to provide the virtual grounding. 
0056. The descriptions of the various embodiments of the 
present invention have been presented for purposes of illus 
tration, but are not intended to be exhaustive or limited to the 
embodiments disclosed. Many modifications and variations 
will be apparent to those of ordinary skill in the art without 
departing from the scope and spirit of the described embodi 
ments. The terminology used herein was chosen to best 
explain the principles of the embodiment, the practical appli 
cation or technical improvement over technologies found in 
the marketplace, or to enable others of ordinary skill in the art 
to understand the embodiments disclosed herein. 
What is claimed is: 
1. A method comprising: 
forming a first test structure and a second test structure in 

electrical contact with an inner buried plate and an outer 
buried plate, respectively, wherein the first and second 
test structures each comprise a deep trench filled with a 
conductive material; and 

measuring the Voltage of the inner buried plate and the 
outer buried plate immediately after the formation of a 
deep trench isolation structure, wherein the inner buried 
plate and the outer buried plate are positioned on oppo 
site sides of the deep trench isolation structure. 

2. The method of claim 1, further comprising: 
comparing the Voltage measurement of the inner buried 

plate with the voltage measurement of the outer buried 
plate; and 
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determining the integrity of the deep trench isolation struc 
ture based on the Voltage measurements of the inner 
buried plate and the outer buried plate. 

3. The method of claim 1, wherein measuring the voltage of 
the inner buried plate and the outer buried plate comprises 
using an inspection scanning electron microscope to detect 
electron emission. 

4. The method of claim 1, wherein the deep trench isolation 
structure completely Surrounds the inner buried plate and 
electrically isolates the inner buried plate from the outer 
buried plate. 

5. A method comprising: 
providing a semiconductor-on-insulator (SOI) substrate 

having a buried dielectric layer located above a buried 
plate; 

forming a deep trench isolation structure in the SOI sub 
strate having a first node dielectric and a first inner 
electrode, wherein the deep trench isolation structure 
electrically isolates an inner buried plate located on one 
side of the deep trench isolation structure from an outer 
buried plate located on an opposite side of the deep 
trench isolation structure; 

forming a deep trench capacitor in the SOI substrate having 
a second node dielectric and a second inner electrode: 

forming a first test structure and a second test structure in 
the SOI substrate and on opposite sides of the deep 
trench isolation structure, the first and second test struc 
tures having a third node dielectric and a third inner 
electrode, wherein the first test structure and the second 
test structure are similar in size and shape, and have a 
different width than the deep trench capacitor; 

etching the third node dielectric and the third inner elec 
trode of the first and second test structures to a first depth 
below the buried dielectric layer; 

etching the second node dielectric and the second inner 
electrode of the deep trench capacitor to a second depth 
above the buried plate and within the buried dielectric 
layer; and 

etching the first node dielectric and the first inner electrode 
to a third depth above the buried plate and within the 
buried dielectric layer, wherein the first depth is deeper 
than the second depth. 

6. The method of claim 5, wherein the first and second test 
structures have a smaller width than the deep trench capacitor. 

7. The method of claim 5, wherein the first and second test 
structures have a larger width than the deep trench capacitor. 

8. The method of claim 5, further comprising: 
filling the first and second test structures, the deep trench 

capacitor, and the deep trench isolation structure with an 
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electrically conductive material, wherein the electrically 
conductive material associated with the first and second 
test structures is in electrical contact with the inner bur 
ied plate and the outer buried plate, respectively, and 
wherein the electrically conductive material of the deep 
trench capacitor and the deep trench isolation structure 
remains isolated from the buried plate. 

9. The method of claim 5, wherein the deep trench isolation 
structure completely surrounds the inner buried plate and 
electrically isolates the inner buried plate from the outer 
buried plate. 

10. A structure comprising: 
a semiconductor-on-insulator (SOI) substrate having a bur 

ied dielectric layer located above a buried plate: 
a deep trench isolation structure extending into the SOI 

Substrate having a first node dielectric and a first inner 
electrode, and being substantially filled with a first con 
ductive material isolated from the buried plate, wherein 
the deep trench isolation structure electrically isolates an 
inner buried plate located on one side of the deep trench 
isolation structure from an outer buried plate located on 
an opposite side of the deep trench isolation trench struc 
ture; 

a deep trench capacitor extending into the SOI substrate 
having a second node dielectric and a second inner elec 
trode, and being Substantially filled with a second con 
ductive material isolated from the buried plate; and 

a first test structure and a second test structure extending 
into the SOI substrate having a third node dielectric and 
a third inner electrode, and being substantially filled 
with a third conductive material, wherein the third con 
ductive material of the first test structure is in electrical 
contact with the inner buried plate and the first conduc 
tive material of the second test structure is in electrical 
contact with the outer buried plate, and wherein the first 
test structure and the second test structure are similar in 
size and shape, and have a different width than the deep 
trench capacitor. 

11. The structure of claim 8, further comprising: 
filling the first, the second, and the third deep trench struc 

ture with an electrically conductive material, wherein 
electrically conductive material associated with the first 
deep trench structure is electrically connected to a buried 
plate corresponding to the first deep trench structure. 

12. The structure of claim 10, wherein the deep trench 
isolation structure completely surrounds the inner buried 
plate and electrically isolates the inner buried plate from the 
outer buried plate. 


